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Monoclonal antibodies that recognize carbohydrate epitopes 
found in keratan sulfate glycosaminoglycan chains identified 
both intracytoplasmic and cel l-surface carbohydrates of hu-
man keratinocytes. These carbohydrates were detected, using 
indirect immunoperoxidase methods, both in sections of par-
affin-embedded tissues and in intact cultured keratinocytes. 
Of the seven anti- keratan sulfate monoclonal antibodies 
used in this study, five detected significant amounts of epi-
topes associated with keratinocytes. This indicates that only 
certain, specific types of keratan sulfate -like carbohydrates 
were expressed by these cells. The extent and localization of 
keratan sulfate -like carbohydrates appeared to be closely re-
lated to the differentiation status of cultured keratinocytes. 
These epitopes were very weakly expressed on surfaces of all 
monolayer keratinocytes, but fl attened, suprabasa l 
H uman keratinocytes, like keratinocytes from oth er species, produce a variety of glycosylated mole-cules; included are glycoproteins [1 -3), glycolipids [4,5) , and proteoglycans l6-8). Considerable inter-es t in carbohydrates has arisen from th e observa-
tions that these molecul es, particul arly when located on cell sur-
faces , provide usefu l markers for keratinocyte differentiation 
[9 -12). It has been proposed that ce ll -surface carboh ydrates play a 
role in cell-to-cell adhesion , which is requisite for a functional epi-
dermis [13,14) . In addition to cell-surface molecules, other intracy-
toplasmic glycoproteins have bee n identified in keratinocytes [1 -
3] . Some of th ese are proteoglycans, but others are glycoproteins, 
some of which are associated with th e cytoskeleton [15) . One of the 
latter has been identified as a glycosylated cytokeratin [3) . Although 
some of these intracellular glycosylated molecules may be involved 
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cel ls in high Ca++ cultures strongly expressed keratan 
sul fate - like carbohydrates on their surfaces. A much larger 
population of cultured keratinocytes expressed intracellular 
keratan sul fate - like carbohydrates identified by the same 
five antibodies that detected surface epitopes. In monolayer 
ce lls, keratan sulfate - like carbohydrates were predomi-
nantly fo und in a broad perinuclear zone. In addition, three of 
the five immunoreactive antibodies detected epitopes that 
appeared at cell boundaries, specifically at sites of close cell-
to-cell contact. Thus, molecules bearing carbohydrates recog-
nized by anti - keratan sul fate antibodies appear at develop-
mentally important stages of keratinocyte differentiation, 
indicating that these carbohydrates may serve as markers for 
molecules important in the differentiation of human kerat-
inocytes.J llwest Dermato/95:347-352, 1990 
in cellular adhesion [1), th e functions of others remain to be eluci-
dated. Another source of intracellular carbohydrate particular to 
keratinocytes are glycolipid-rich lamellar bodies [4,5). 
Monoclona l antibodies {MoAb) that recognize epitopes that are 
known to be located with in ker:~tan sulfate {KS) glycosaminogly-
cans (GAG), and other MoAb that detect epitopes closely associated 
with KS GAG, are shown in this study to detect selected cell surface 
and intracellu lar components of human keratinocytes [1 6,17). Al-
thou gh other GAG {heparan sul fate, chondroitin su lfa tes, and hya l-
uronic acid) have been documented as being produced by keratino-
cytes [6-8), no prior ev idence for KS GAG currently exists. A 
rel ated carboh ydrate, poly N -acetyllactosamine, has been identified 
as a ce ll -surface component of human keratinocytes [18). T his mole-
cul e has the same repeating disaccharide sequence as does KS, but, 
unl ike KS, is unsulfated . Much of th e epi tope identified by the 
MoAb used in this study may res ide within complex carbohydrates 
th at are attached either to protei ns or lipids rather than to core 
proteins of chondroitin su lfate proteoglycans or to other proteogly-
can core proteins typica ll y found in connective tissue. W hatever 
their structure, the data in this report indicate that they are impor-
tant molecu les in keratinocyte differentiation. 
MATERIALS AND METHODS 
Antibodies MoAb used in this study were produced in mice using 
either purified mammalian cart ilage proteoglycans {1B4, 2D3, 
4A1, 5D4) or purified embryonic chick bone marrow proteoglycans 
{3D2, 4D1, 8C2) as an tigen (1 6,17,19]. 
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Enzyme-Linked Immunosorbant Assays (ELISA) A high 
buoyant density fraction of embryonic chick cartilage proteoglycan 
(20} was used to coat wells of ELISA microtiter plates. Replicate sets 
of wells were incubated for 2 hat 37"C using either 0.1 M phos-
phate-buffered saline (PBS) alone (control), keratanase (ICN Bio-
medical, Costa Mesa, CA), or chondroitinase ABC (Sigma Chemi-
cal Company, St. Louis, MO). After washing with PBS, three 
MoAb, 3D2, 4D1, and 8C2, as well as the known anti-KS MoAb 
5D4, were added to separate sets of control and enzyme-treated 
wells. Binding of these MoAb was detected and quantified by add-
ing a second, peroxidase-conjugated goat anti-mouse immunoglob-
ulin (Southern Biotechnology, Birmingham, AL). After washing, 
substrate consisting of a-phenylenediamine and H 20 2 was added 
and the reaction was stopped by the addition of2 M H 2S04 • Absorb-
ance readings at 492 nm were determined for each well using a 
BioRad ELISA plate reader. 
Cell-Culture Methods Human keratinocytes were obtained 
from a 22-month-old female donor using a split-thickness graft 
[21]. Primary cultures were set up using the Reinwald-Green 
method [22}. Secondary cultures were grown in MCDB 153 me-
dium (Cionetics, San Diego, CA) fol lowing the procedures estab-
lished by Tsao eta! [23). Low-Ca++ medium MCDB 153 obtained 
from the vendor contained 0.1 mM Ca++. High-Ca++ medium was 
prepared by adding sufficient 100 mM CaCI2 to produce a final 
Ca++ concentration of 1.5 mM. Replicate sets of cells from second-
ary cultures were plated onto 22 X 22 mm glass covers lips, 1 X 10s 
cells per coverslip, and grown to 60-70% confluence. One covers-
lip was set in low-Ca++ medium, the other in high-Ca++ medium. 
The coverslips were rinsed in Millonig phosphate buffer and were 
fixed for 30 min in 2% glutaraldehyde in Millonig phosphate 
buffer. 
Immunocytochemical Methods Normal human skin samples 
were obtained at the time surgical procedures were being per-
formed. These samples were fixed in 10% buffered formalin and 
embedded in paraffin, and 8 J-Lm sections were cut. In all, samples 
from 16 individuals, ranging in age from neonatal to 70 years old, 
were studied. Keratinocytes were fixed on coverslips as described 
above. After fixation, some coverslips were treated with 0.05% 
Nonidet P-40 detergent (NP-40) in 0.1 M PBS (24); other cover-
slips were treated w!th buffer alone. B_o th sectioned material and 
keratinocytes were 1mmunostamed usmg an md1rect peroxidase 
method whose details have already been published [25). Immune-
stained specimens were examined and photographed using bright-
fi eld microscopy without counterstain. 
RESULTS 
Monoclonal Antibodies All seven of the MoAb used in this 
study recognize carbohydrate epitopes. Four of the seven (1B4, 
2D3, 4A1, 5D4) specincally recognize sulfated N -acetyllactosa-
mine units present in both corneal KS (type I) and cartilage KS (type 
II) GAG [17) . The remaining three MoAb (3D2, 4D1 , 8C2) recog-
nize epitopes present in a wide variety of pu~ified cartilage proteo-
glycans, all of which are known to be substituted w1th KS GAG. 
They do not recognize epitopes in Swarm rat chondrosarcoma prote-
oglycan that is not substituted with KS GAG [26]. 
Data in T able I indicate that MoAb 302, 401 , and 8C2, like 
5D4, detect resident epitopes on KS GAG. Keratanase digestion 
removed most of these epitopes (95- 99%), but chondroitinase 
ABC digestion not only failed to remove these epitopes, it enhanced 
the ability of MoAb to detect their epitopes. However, this assay 
does not specincally identify which component of the KS GAG is 
antigenic for these MoAb. 
Detection of Keratan Sulfate-Like Epitopes in Human Ke-
ratinocytes Five of the seven MoAb were shown to identify epi-
topes associated with keratinocytes in all of the specimens studied: 
1B4, 4A1, 3D2, 4D1, and 8C2. Antibodies SD4 and 2D3 failed to 
detect epitopes associated with keratinocytes. These results are sum-
marized in Table II. 
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Table I. Effe.cts of Enzymatic Digestion on Structures 
Recognized by Anti- Keratan Sulfate and Suspected Anti- Keratan 
Sulfate Monoclonal Antibodies• 
No Enzyme Keratanase Chondroi~ 
Antibody Diges tion Digestion Digestion 
5D4b 965' 48 (5.0') 1275 (132<) 
3D2 1099 7 (0.6) 1619 (147) 
8C2 1057 2 (0.2) 1571 (149) 
4D1 1202 33 (2.7) 1538 (128} 
•W ells of microtiter plates were coated with SO t~g/ml of purified high bu~)-.nt 
density embryonic chick cartilage chondroitin sulfate proteoglycan. Wells were enhe 
treated with buffer alone, 0.25 units/ml keratanase, at 37 ' C for 2 h, or w1th 0.1 
unit/ ml chondroitinase ABC. The wells were washed with buffer and a standard EllS.\ 
was performed (see Materials and Methods). 
>Known anri-KS antibod y [1 6]. 
' Average absorbance readings of three replicate wells (X l 000). 
1 % control. 
Figure 1 demonstrates examples of the results obtained by im-
munoperoxidase staining of two equivalent sections of nor':'al hu-
man skin. Anti-KS MoAb 1B4 and 302 produced very d1fferenr 
immunostaining patterns. MoAb 1B4 (Fig 1a) detected ep1to 
that were primarily confined to what appeared to be the stranun 
granulosum. In contrast, a much more intense epidermal immuno~ 
activity was obtained by using MoAb 3D2 (Fig 1b). Immunosram-
ing was distributed throughout cytoplasmic regions, but was ex-
cluded from nuclei of suprabasal keratinocytes. MoAb 504 (n~ 
shown) failed to detect any epitope in this tissue. Some of the an~­
KS MoAb also detected epitopes associated with cells of the den:rus 
(Fig la and b), but epithelial cells contained most of the immunore-
active material. 
Interestingly, only five of seven anti-KS MoAb detected epithe-
lial related epitopes. This implies that only a few very specific fo rms 
of KS-like epitopes are present in keratinocytes. 
Immunocytochemical Detection of Keratan Sulfate-Like 
Epitopes on Surfaces of Keratinocytes The results of the-
above study indicate that KS-like carbohydrates are located insid~ 
keratinocytes. But the substantial intracytoplasmic immunos · 
made it difficult to determine whether these epitopes m!g~t be-
located on surfaces of keratinocytes. In order to address th1s ISSUe. 
indirect immunoperoxidase studies were performed on intact, glu-
taraldehyde-fixed human keratinocytes that had been cultured 
glass covers lips grown either under low-Ca++ conditions that main-. 
tain cellmonolayers, or under high-Ca++ conditions that promo 
cellular stratification [27) . Under these conditions only epitopes 
located on exposed cell surfaces should be detected . 
Cells grown under low-Ca++, serum-free conditions form ' 
monolayer cultures.· None of the cells in these cultures expr 
Table II. Comparative Immunoreactivity of Anti-Keratan 




























'The relative intensity of immunostain is indicated by che symbols - , no immunor:--
acrivity; +, weak immunoreactivity; ++, moderate immunoreactivity; ++-+, s ,. 
immunoreactivity. ' 
I Observations based upon immunostained sections of paraffin-embedded tissu•. 
' Observations based upon immunostained ceil cultures. 
'Known anti-KS antibodies [16,17]. 
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Figure 1. lmmunolocalization of KS-l ike carbohydrates in human skin 
sections. Two different anti-KS MoAb were immunoreacted with sections 
obtained from the same piece of human skin. a, MoAb 1B4 strongly detected 
epitopes located in cells of the stratum granulosum (arrow). Immunoreactiv-
ity was also present in the stratum corneum (broad arrow), and, more weakly, 
throughout the remainder of the epidermis. A low level of immunoreactiv-
ity was also present in dermal fibrob lasts (arrowhead). b, MoAb 302 detected 
significantly more epitope in the epidermis than did MoAb 1B4. Epitopes 
were strongly expressed in cells of the stratum spinosum and stratum granu-
losum. Lower, but distinct levels of epitope expression appeared in the 
sn:atum corneum (arrow) and stratum basale (arrowhead). Dermal fibroblasts 
also expressed epitopes (broad arrow). Magnification X360, bar, 15 Jl.m. 
significant amounts of cell surface epitopes. There were small , dis-
crete patches of stainable matrix-like material, but these were barely 
detectable at low magnification. Five of the seven MoAb (1B4, 4A1, 
30 2 , 8C2, 401) detected these epitopes; the remaining two MoAb 
(504 and 203) failed to detect them. Very different results were 
obtained when cultures consisting of stratified cells grown in high-
Ca++ medium were immunostained. Now a distinct subpopulation 
of large, flattened suprabasal cells were intensely immunostained 
over their entire exposed surfaces (Fig 2). Underlying cells were 
unstained, as were monolayer cells located at the perimeter of the 
stratified colonies. Some cells expressed a mottled pattern over their 
surfaces (Fig 3) , suggesting the possibility that these immunostained 
foci represented the initial appearance of epitope, which then spread 
over the entire surfaces of these cells . Only MoAb SD4 failed to 
detect these surface epitopes . However, MoAb 203, although it also 
detec ted these epitopes, did so very weakly. All of the five remain-
ing M oAb (1B4 , 4A1, 302, 8C2, 401) strongly detected these 
epitopes. 
Confirmation of the existence of intracytoplasmic epitopes was 
obtained by making cell membranes of glutaraldehyde-fixed cells 
permeable using the non-ionic detergent NP-40 prior to immune-
staining (24) . This resulted in significantly enhanced immunostain-
KERATAN SULFATE IN KERATINOCYTES 349 
Figure 2. Cell-surface immunolocalization of KS-like carbohydrates on 
stratified keratinocyte cultures. Epitopes detected by MoAb 302 were uni-
formly distributed over cell surfaces, except for an apparent reduced amount 
of epitope at sites overlying nuclei (arrowheads) . Magnification X300, bar, 17 
)J.m. 
ing of both monolayer and stratified cultures. As in other situations 
described above, only five of the seven MoAb detected these intra-
cytoplasmic epitopes. Figure 4 demonstrates the distribution of epi-
topes in monolayer cells grown in low-Ca++ medium. MoAb 1B4 
and 4A1 detected epitopes located in a perinuclear zone, but these 
were excluded from the cell periphery at sites of cell-to-cell contact 
(Fig 4a) . However, the remaining three MoAb (302, 8C2, 401) 
produced somewhat different results. They not only identified 
perinuclear epitopes, they also detected epitopes located at or near 
the cell membrane (Fig 4b). These epitopes appeared only at sites of 
cell-to-cell contact. At higher magnification, it could be seen that 
immunostained epitopes were associated with filamentous struc-
tures (Fig 5). Monolayer cells present at the periphery of stratified 
cultures grown in high-Ca++ medium expressed a similar distribu-
tion of epitopes as did cells grown in low-Ca++ medium (Fig 6). 
These results indicate that KS-like carbohydrates are located in-
side most, if not all, keratinocytes, and on surfaces of what appear to 
be differentiated keratinocytes. The intracytoplasmic distribution 
of molecules with a KS- like structure differed depending upon 
wh ich set of anti-KS MoAb was employed. This implies that at least 
Figure 3. Cell-surface immunolocalization of KS-like carbohydrates on 
stratified keratinocyte cultures. A minor population of suprabasal cells ex-
pressed epitopes detected by MoAb 401 that were distributed over their 
surfaces in a distinctly mottled pattern (arrows) . Magnification X425, bar, 12 
Jl.m. 
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Figure 4. Intracellular immunolocalization of KS-like carbohydrates in 
monolayer kcratinocyte cultures. Virtually all cultured keratinocytes that 
have been treated with the detergent NP-40 prior to immunostaining ex-
pressed KS-Iike carbohydrates. a, MoAb 1B4 detected epitopes that 
surrounded the nucleus (arrowhead), but which were generally excluded 
from th e peripheral cytoplasm (arrows) . b, MoAb 3D2 also detected epitopes 
located in the perinuclear region, but in addition this antibody detected 
epitopes loca ted at cellular boundaries specifica lly at sites of close cell-to-cel l 
contac t (arrows). Magnili.cation X300, bar, 18 f1m . 
two different molecul es with KS-like carboh yd rate structures co-
exist in keratinocytes. 
DISC USSION 
In this study we have shown that five of seven different carbohy-
drate-specific M oAb detect epitopes located inside most, if not all , 
human keratinocytes, and on surfaces of differentiated keratino-
cytes. The carbohydrate component recognized by four of these 
M oAb (1B4 , 4A1, 5D4, 2D3) has bee n show n to be KS, sulfated 
poly N-acetyllactosamine [16 , 17]. The remaining MoAb (3D2, 
8C2, 4D1) recognize carbohydrate epitopes associated with KS 
G AG, but th eir precise structure has yet to be determined. Mole-
cul es bearin g epitopes recognized by some of the anti-KS MoAb 
become redistributed as a consequence of cell-to-cell contact, indi-
cating that they might be important in keratinocyte differentiation . 
The prominent intracellular localization of KS-like carbohy-
drates was first noted in paraffin sections of human skin, and was 
subsequently confirmed using cultured keratinocytes. Results ob-
tained by immunostaining glutaraldehyde-fixed cells was compared 
w ith and without detergent treatments [24] . In the absence of deter-
gent treatment only a sma ll population of cel ls strongly expressed 
epitopes recognized by antibodies. Following detergent treatment 
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Figure 5. Intracellular immunolocalization of KS-like carbohydrates in 
monolayer keratinocyte cultures. At high magnifica tion, KS epitopes (3D2) 
appeared to be located in fil amentous structures extending into the intercel. 
lular spaces (arrow) . Magnification Xl ,200, bar, 4 )1111 •. 
all cells expressed epitopes, leading to the conclusion that most of 
the KS-Iike carbohydrates detected by antibodies were located in-
side cells. Most of these intracellular carbohydrates were distributed 
around nuclei, an observation th at gen erally corresponded to the 
distribution of epitope noted in sectioned epidermal cells. 
lntracell ular molecules bearing KS-like carbohydrates recog-
nized by one set of MoAb (8 C2, 3D2, 4Dl), but not by others, 
appeared at sites of close cell-to-cell contact, suggesting that they 
beca me redistributed as a c6 nsequence of ceJJ contact. Simulta-
neously, the high-intensity perinucl ear immunostain observed in 
solitary cells tended to dissipate. This occurred irrespective of 
whether cel ls were grow n in low-Ca++ or high-Ca++ m.edia. A 
second set of MoAb (1B4 and 4A 1) also detected KS-like carbohy-
drates in the perinuclear zone, but these epitopes did not appear at 
sites of cell co ntact. Finally, a third group of anti-KS MoAb (SD-1 
and 2D3) fa iled to detect significa nt amounts o f epitope located 
either at cell surfaces or inside cells. This implies that multiple 
forms of KS-like carbohydrates existed ei ther inside or on surfaces 
of keratinocytes , and different carboh ydrates appeared to be differ-
entiall y distributed. 
\ 
-
Figure 6. Intracellular immunolocalization of KS-like carbohydrates in 
stratified keratinocyte cultures. Cells located in monolayer regions of strati· 
lied cultures grown in high-Ca++ medium, as well as ce lls located in basal 
regions of these cultures, displayed the same intracellular distribution of K 
cpitopes (8C2) as did 111onolayer cells grown in low-Ca++ medium. Noteth~ 
presence of epitope at sites of ce ll contact (arrowheads) and its absence at 
non-contact sites (arrows). Magnification X425, bar, 12 )1m. 
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At present, the nature of the molecules bearing KS-like carbohy-
drates is not known. Three possibilities exist: glycoproteins, glyco-
lipids, and KS proteoglycans. Roberts and coworkers (1-3, 15] have 
identified several intracytoplasmic glycoproteins that remain 
strongly attached to the cytoskeleton after Triton X-100 detergent 
extraction. One of these has been identified as a glycosylated eyre-
keratin [3]. Intracellular glycoproteins obtained from embryonic 
chick corneal epithelia l cells have been identified as sulfated glyco-
proteins. Yonekura et a! [28] found that sulfated glycoproteins in 
embryonic chick corneal epithelial cells crossreacted with antibod-
ies directed to human keratin. Thus, it is possible that intracellular 
glycoproteins, which are known to be present in human keratino-
cytes (1-3], contain KS-like carbohydrate sequences. Lamellar 
bodies contain substantial amounts of glycolipid, a potential antigen 
for anti-KS MoAb. These bodies become redistributed to the cell 
boundary upon differentiation. Recent evidence indicates that KS 
proteoglycans are synthesized and secreted by rat uterine epithelial 
cells (29]. Otherwise , there is at present little documentation to 
indicate that epithelial cells secrete KS proteoglycan. Although hu-
man keratinocytes secrete chondroitin sulfate proteoglycans [ 6- 8], 
there is as yet no evidence to indicate that these are substituted with 
KS GAG. In this regard, medium from cultured keratinocytes con-
cains a sulfated component recognized by anti-KS MoAb 504 and 
8C2, indicating that some KS proteoglycan may be secreted by these 
cells (Schafer lA, unpublished observations). 
Cell surface carbohydrates have been used as developmental 
markers in keratinocyte studies [9- 12]. Some probes, such as peanut 
agglutinin, have identified cell surface glycoproteins characteristi-
cally present at later stages ofkeratinocyte differentiation (14] . The 
present data indicate that some, but not all, anti-KS MoAb can also 
be used to detect cell surface components present on more fully 
differentiated keratinocytes (27] . Consequently, these are additional 
carbohydrate epitopes that can be potentially useful markers for 
keratinocyte differentiation. The inability of anti-KS MoAb 504 
and the poor ability of MoAb 203 to detect surface epitopes indi-
cates that only specific forms of KS epitope are expressed on kerat-
inocytes, and provides some degree of information concerning the 
structure of these carbohydrates. This difference in expression is 
likely related to the degree of sulfation. It is known that anti-KS 
MoAb can discriminate subtle differences in sulfation patterns 
within KS GAG chains [30,31]. MoAb 504 has been shown to 
recognize a higher su lfated form of KS than does MoAb 1B4 
(30 ,31]. Thus, the KS-like carbohydrates associated with keratino-
cytes are more likely lower sulfated forms. 
This study indicates that some anti-KS MoAb provide useful tools 
ro identify and study human keratinocytes. These data provide sub-
stantial evidence that considerable amounts of glycosylated mole-
cules are associated with keratinocytes, particularly inside cells. 
Most importantly, some of these glycosylated molecules appear at 
developmentally important sites, such as sites of cell-to-cell contact 
and on cell surfaces, indicating that the carbohydrates and/or the 
molecules to which they are attached are important in keratinocyte 
differentiation. Currently, studies are in progress to identify the 
molecular species that are substituted with these carbohydrates. 
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